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PROGRESS REPORT NO. 3 ... NASA GRANT NGR 46-001-008 

Period February 1, 1966 t o  July 31, 1966 

Introduction 

The period covered by t h i s  repor t  has seen the i n i t i a t i o n  of two new pro jec ts  and 
the  active continuation of most of the p ro jec t s  previously being reported. 
Space Science Program made possible  by the  NASA Sustaining Grant continues t o  be 
most productive, pa r t i cu la r ly  i n  t h e  area of bioengineering, and has had a sa lu t a ry  
e f f e c t  i n  s t imulat ing research i n  a wide var ie ty  of d i sc ip l ines .  A large measure 
of the  success of the Space Science Program can be traced t o  the f a c t  t ha t  the 
l o c a l  group is essen t i a l ly  autonmous i n  the  management of t he  grant. .  The f l ex i -  
b i l i t y  of the NASA Sustaining Grant makes i t  possible  f o r  funds t o  be deployed 
quickly and i n  the  most e f f ec t ive  manner t o  build a strong Space Science Program. 

The 

A new pro jec t  on "Abe~rption of Light by Wide Bandgap Semiconductors i n  High 
Electric Fields" w a s  begun by D r .  Lloyd Lambert, Associate Professor of Electrical 
Engineering. D r .  Lambert's report  included herein ind ica tes  t h a t  s ign i f i can t  pro- 
gress  has been made on the project .  
vided by the NASA Sustaining Grant made i t  possible  f o r  D r .  Lambert to progress t o  
a point  where the AFOSR w i l l  now provide support f o r  three years f o r  the  project .  

It is important t o  note t h a t  the funds pro- 

Another pro jec t  i n i t i a t e d  during the  subject  period concerned the "Mathematical 
Models of Physiological Processes" which is being j o i n t l y  car r ied  on by D r .  Charles 
Taylor, Associate Professor of Electrical Engineering and D r .  David H i l l ,  Assis tant  
Professor of Mathematics and Director of the Computation Center. 
and hardware being developed w i l l  provide f o r  more e f f ec t ive  analysis  of 
physiological da ta  by use of compartmental models. 

The techniques 

D r .  Donald Forgays, Professor and Chairman of the  Department of Psychology has made 
s i g n i f i c a n t  progress in h i s  s tud ie s  on the  influence of sensory i so l a t ion .  This 
has included refinements i n  the experimental setup and techniques and the comple- 
t i o n  of a series of p i l o t  s tud ies ,  and he is  now prepared to  i n i t i a t e  the ac tua l  
t e s t ing  of subjects .  Complete d e t a i l s  on these pro jec ts  and other  pro jec ts  being 
supported by the Sustaining Grant w i l l  be  found i n  the  following progress repor t s  
submitted by the invest igators .  

The Sustaining Grant has now provided d i r e c t  support, e i t h e r  i n  f u l l  o r  i n  p a r t ,  
f o r  fourteen d i f f e ren t  research projects.  This has involved d i r e c t l y  twenty-one 
facul ty  members from eleven d i f f e ren t  academic departments i n  four d i f f e r e n t  
colleges.  
th ree  departments) and i n  severa l  others  t he  pr inc ipa l  inves t iga tor  depended 
heavily on personnel from other  departments. The grant  has therefore  had an 
impact on a broad segment of t he  University and gives evidence of d i r ec t ion  
toward one of our prime object ives  - t o  promote f u l l  u s e  of our resources 
through in t e rd i sc ip l ina ry  e f f o r t s .  

Five of t he  fourteen projects  have been in t e rd i sc ip l ina ry  (one involved 

I n  s p i t e  of the f a c t  t ha t  the  program has been i n  operation only eighteen months 
a t  t he  t i m e  of t h i s  report ,  research papers and reports  are beginning t o  come 
for th .  
copy of a M.S. t h e s i s  has previously been submitted t o  NASA. 
are i n  preparation o r  have been submitted f o r  publication. 

Copies of two papers are attached t o  the  f i r s t  copy of t h i s  report .  A 
Several other  papers 
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PROJECT V - UTERINE ACTfVIm AS RECORDED BY RADIO TELEMETRY 

Inves t iga tor  - D r .  Kenneth R. Simmons, Assis tant  Professor 
Department of A n i m a l  and Dairy Science 

Progress Report - July 31, 1966 

Abstract  

Radio telemetry techniques were invest igated f o r  use  i n  recording the mot i l i t y  of 
t he  uterus  i n  s i t u .  
invest igated.  

Various aspects of electrode design and placement were a l s o  

The o r i g i n a l  ECG t ransmi t te r ,  designed and b u i l t  by the Electrical Engineering 
Department of the  University of Vermont, w a s  found t o  be usable but not ent i re ly  
s a t i s f a c t o r y  f o r  electromyography even though it w a s  very good f o r  the  trans- 
mission of ECG. 
purchased, which proved t o  be very sa t i s fac tory .  

A commercially avai lable  transmitter and receiving system was 

Recordings have been made of ac t ion  po ten t i a l s  associated with contractions of 
the  u t e r ine  muscles. 
v i a  rad io  telemetry, and similar pat terns  were obtained. 

These recordings w e r e  simultaneously taken d i r e c t l y  and 

A psuedopregnant rabbi t  and a cas t r a t e  t rea ted  with 1mg  of progesterone per day 
gave a pa t t e rn  similar t o  t h a t  obtained from a normal rabbi t  with quiescent 
ovaries .  
uterus  which gave mahy strong burs t s  of ac t ion  po ten t i a l s  associated with 
p e r i s t a l t i c - l i k e  contractions.  

A castrate t rea ted  w i t h  25pg of e s t r a d i o l  benzoate had a highly motile 

Objectives 

The object ives  of t h i s  pro jec t  were: 

1. 

2. 

To develop radio telemetry techniques f o r  monitoring and 
measuring smooth muscle ac t iv i ty .  
To test improved t ransmit t ing devices f o r  smooth muscle electromyography. 
These devices were t o  be constructed by the Electrical Engineering 
Department of the  University of Vermont. 
To use these devices and techniques to  measure smooth muscle 
a c t i v i t y  primarily i n  domestic animals. 

3. 

Procedure of Work 

The smooth muscle system t o  be studied was  the  uterus.  
experimental animal. 
cattle and sheep. 

Rabbits were used as  the 
Techniques learned with r abb i t s  were t o  be applied t o  

The areas  of inves t iga t ion  were: 

1. To adapt a t ransmit ter ,  o r ig ina l ly  designed for ECG transmission, 
to smooth muscle myography. 
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2. 

3. 

4. 

5 .  

To determine the  proper type of e lec t rodes  and the  b e s t  method 
f o r  implanting these electrodes i n  the u te r ine  myometrium. 
To determine how long electrodes could be l e f t  i n  the  muscle and 
still give an accurate in t e rp re t a t ion  of ac t ion  poten t ia l s .  
To determine the  bes t  locat ion f o r  e lectrodes,  a loca t ion  t h a t  
would be most representat ive of ove ra l l  u te r ine  a c t i v i t y .  
To compare r e s u l t s  of t h i s  inves t iga t ion  with more conventional 
methods of recording u te r ine  ac t iv i ty ;  i.e. electrical a c t i v i t y  of 
individual f i b e r s  i n  s i t u  o r  in v i t r o ;  the mechanical a c t i v i t y  of 
t he  myometrium. 
Then t o  record u t e r ine  ac t iv i ty ,  via rad io  telemetry, during 
d i f f e r e n t  physiological (hormonal) conditions, as during the  
es t rous  cycle, gestat ion,  and par tur i t ion .  

6. 

Progress Report 

Most previous inves t iga t ions  of u te r ine  electrical act ivi tv  have been car r ied  
out on i so l a t ed  s t r i p s  of muscle suspended i n  a bath. 
dccllt with the  a c t i v i t y  of s iqg le  ce l lg ,  by the  use..of i n t r a c e l l u l a r  e lectrodes.  
There are very few s tudies  of t h e  electrical a c t i v i t y  of u t e r ine  muscle i n  s i t u  
so t he re  w a s  l i t t l e  information w i t h  which t o  compare our r e s u l t s .  
most of our s tud ie s  were conducted on the  i n t a c t  rabbi t  u te rus  exposed so t h a t  
gross muscular a c t i v i t y  could be observed. 

Also, most s tud ie s  have 

Consequently, 

The ECG t ransmit ter  t h a t  w e  were or ig ina l ly  using d id  not prove t o  be sa t i s f ac -  
tory f o r  t ransmit t ing smooth muscle electromyography. There were many problems 
associated with the  use of t h i s  t ransmit ter  t h a t  w e  were unable t o  overcome. For 
example, i t  was impossible to e l i m i n a t e  noise from the  recorded rad io  s igna l  un- 
less the  pa t i en t  was  grounded. 
animals. The design of t h i s  system required t h e  use of a frequency meter between 
the  receiver and the  recorder. This introduced several more var iab les  which were 
d i f f i c u l t  t o  cont ro l ,  espec ia l ly  when dealing with an e s s e n t i a l l y  unknown s igna l .  
When recording a known s igna l  pa t te rn  such as ECG t h i s  w a s  not such an important 
f ac to r .  Furthermore, temperature changes caused the  s igna l  t o  d r i f t  so t h a t  con- 
s t a n t  adjustment of t he  receiver and frequency meter w a s  necessary. 
make the  recording of s igna l s  f o r  prolonged periods very d i f f i c u l t .  
these  problems w e  discontinued use of t he  ECG t ransmi t te r  obtained from the  
Electrical Engineering Department of the  University of Vermont. 

Grounding would be impossible with unrestrained 

This would 
Because of 

Several new transmitters w e r e  obtained from the  E & M Instrument Company, 
Houston, Texas. These new devices were designed pr inc ipa l ly  f o r  ECG, EEG, and . 

EMG. 
t he  var iab les  associated with the  frequency meter of the  previous system. 
amplitude of t h e  output could be controlled. 
quency modulated instead of amplitude modulated. 
of no ise  without grounding the  pa t ien t ,  and d id  not appear t o  be affected by 
temperature. 
have t h e  services of an e lec t ronics  technician. 

. 

The output of the  receiver went d i r e c t l y  t o  a recorder and thus eliminated 
The 

These new t ransmi t te rs  were fre- 
The s igna l s  were s t rong,  f r e e  

In shor t ,  they were more r ead i ly  usable by biologists who do not 

These new t ransmi t te rs  were not implantable; therefore  a harness would be ne- 
cessary i n  order t o  a t t ach  t h e  t ransmit ters  t o  an animal f o r  long term s tudies .  
However, because they were not implantable, they could be e a s i l y  access ib le  f o r  
ba t t e ry  changes. 
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After  t rying severa l  types of electrodes w e  now use  a s i lvered  - copper w i r e  
(0.3 mm dia . )  which is t e f lon  coated, except f o r  one end. 
fashioned i n t o  a loop 3 mm i n  diameter. 
metrium and sutured i n  place. 
how long these electrodes can be l e f t  in place and s t i l l  give an accurate 
in t e rp re t a t ion  of ac t ion  poten t ia l s .  

This bared end was 
This loop was implated i n t o  t h e  myo- 

No studies  have been car r ied  out t o  determine 

Various locat ions have been used on the uterus  f o r  implanting electrodes but the 
p a t t e r n  of ac t ion  poten t ia l s  did not s e e m  t o  vary much from place t o  place.  
This was because the  o r ig in  of uterine contract ions appeared t o  be randomly 
located throughout the length of the uterus .  

I n  order  t o  increase our understanding of s igna ls  received by telemetry fu r the r  
trials were car r ied  out i n  which d i r ec t  and telemetered recordings were made 
simultaneously from two sets of e lectrodes i n  the same approximate locat ions.  
I n  t h i s  way a s ing le  wave of contraction w a s  recorded d i r e c t l y  and v i a  radio 
telemetry. Using t h i s  method recordings have 
been taken from the  uterus  of normal rabbi t s ,  from castrates, from castrates 
t r ea t ed  with estrogen (25yg/day),  and from castrates t r ea t ed  with progesterone 
(1 mg/day). 

Both pa t te rns  were very similar. 

The da ta  is l imited because only one o r  two r abb i t s  have been used f o r  each 
treatment. However, as  expected, t h e  uterus  from the estrogen-treated rabbi t  
w a s  much more motile than were those from progesterone-treated, o r  untreated 
rabbi t s .  
of contract ion were very s t rong and occurred qu i t e  of ten  i n  the estrongenized 
uterus.  
similar to  those of the progesterone-treated group. 
of the  former group showed them t o  be  r e l a t i v e l y  quiescent,  i.e., there  were very 
few f o l l i c l e s  present and most l ike ly  these r abb i t s  were not i n  es t rous a t  the 
t i m e .  

Bursts of ac t ion  potent ia ls ,  corresponding to  p e r i s t a l t i c  type waves 

Recordings of u te r ine  moti l i ty  from nontreated rabbi t  u t e r i  were very 
Examination of the  ovaries 

One pseudopregnant rabbi t  gave a similar pa t te rn .  

To da te  no long term implantation of electrodes and recording has been attempted. 
However, t h i s  is the  next phase of the inves t iga t ion  t o  be undertaken. 

Continued work on t h i s  pro jec t  should y i e l d  information on the  a c t i v i t y  of the 
uterus  i n  s i t u .  
t ranspor t ,  f e r t i l i z a t i o n  mechanism, ea r ly  embryo mortal i ty ,  ges ta t ion  and 
pa r tu r i t i on .  

This information would be valuable i n  s tud ies  of sperm and ovum 

Research Personnel 

D r .  Kenneth R. Simmons, Pr inc ipa l  Invest igator  
Paul Bruns, Technician 

Other Financial  Support 

In addi t ion t o  the  NASA funds some f inanc ia l  support f o r  t h i s  pro jec t  has come 
from Hatch A c t  Funds, of the  Agricultural  Experiment S ta t ion ,  Pro jec t  HA-144. 
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PROJECT VI - EFFECT ON BRAIN OF CURRENT FROM EXTERNAL ELECTRODES 

Inves t iga tors  - D r .  Stanley Rush, Associate Professor 
Department of Electrical Engineering 

D r .  Wilbert Chambers, Associate Professor 
Department of Neuroanatomy 

Progress Report - Ju ly  31, 1966 

Abstract 

This program is a study of the d i s t r ibu t ion  of current  i n  the b ra in  r e su l t i ng  from 
the  appl ica t ion  of current  through electrodes applied t o  the sca lp  and the  e f f e c t s  
of t he  current  on b ra in  function. The r e s u l t s  w i l l  have application t o  medical 
problems of electrical anesthesia, e l e c t r i c  shock therapy and t o  diagnosis of 
d i sorders  involving the  blood supply t o  the brain.  
gat ions are intended t o  f ind  the  current d i s t r i b u t i o n  as a function of s k u l l  
thickness, e lectrode placement, age, and shape of head. 
ployed are a po ten t i a l  mapping of an e l e c t r o l y t i c  tank containing a human s k u l l  
and arranged t o  simulate the  geometry and conduct ivi t ies  of the  head; a computer- 
aided theo re t i ca l  study i n  which at  present the scalp,  sku l l ,  and b ra in  are repre- 
sented 93 concentric spheres; and measurements of po ten t i a l s  on the sca lps  of 
l i v i n g  subjects .  
t o  obcain an accurate  theo re t i ca l  model  t o  represent the  head. 
permit rapid ca lcu la t ions  of cur ren t  flaw f o r  any desired configuration. 

The p r - sen t  i n i t i a l  inves t i -  

The methods being em- 

By cor re la t ing  the r e s u l t s  of these three  approaches w e  hope 
Such a model would 

I n  the  immediate fu tu re ,  more accurate conductivity measurements of the t i s sues  of 
t h e  b r a i n  and sca lp  are planned, and more f l e x i b l e  theo re t i ca l  models based on 
e l l i p s o i d s  r a the r  than spheres w i l l  be s tudied.  I n  the  more d i s t a n t  fu ture ,  the  
same s tud ie s  w i l l  be applied t o  laboratory animals i n  which the  i n t e r n a l  currents  
found w i l l  be introduced loca l ly  to  isolate and study t h e i r  e f f e c t s  on d i f f e r e n t  
anatomical regions. 

S ta tus  of Work 

Since the  last  progress repor t  i n  which t h e  co-npletion of the instrumentation w a s  
reported, considerable da t a  have been accumulated. 

The po ten t i a l s  over t h e  v e r t i c a l  mid-plane of the model of t h e  head have been 
taken with a homogeneous i n t e r i o r  and with a human sku l l .  
t heo re t i ca l  s tud ie s  have been carr ied ou t  t o  ca l cu la t e  these same po ten t i a l s  f o r  
a homogeneous sphere and a sphere containing a high r e s i s t i v i t y  s h e l l  representing 
the  sku l l .  
sphere, which can be analyzed theore t ica l ly ,  is a reasona5is model f o r  the head. 
The influence of s k u l l  thickness on t h e  spher ica l  model is a l so  being calculated.  
A t  t h i s  po in t  t he  da t a  is a l l  col lected,  bu t  the de t a i l ed  comparisons between the  
experimental and theo re t i ca l  model data has not y e t  been i n i t i a t e d .  

I n i t i a l  computer-aided 

The pr inc ipa l  purpose of these  s tud ie s  is t o  determine whether the  

Further work has been performed on the s ta t i s t ica l  ana lys i s  of s k u l l  character- 
istics. 
from poin t  t o  point  and as a function of age a t  death. 

Forty s k u l l s  have been studied i n  terms of t h e i r  thickness va r i a t ions  
The youngest age 
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represented i n  the co l lec t ion  is thir ty-f ive and from t h i s  age on, a t  least, there  
is l i t t l e  o r  no cor re la t ion  of thickness with age or  sex. Detailed photographs of 
s k u l l  segment cross sect ions are being made t o  show the i n t e r n a l  s k u l l  s t ruc tu re  
which influences the r e s i s t i v i t y .  
s en t  an exce l len t  view of the  bone s t ruc ture  unfamiliar even t o  anatomists. 

These photographs are very s t r i k i n g  and repre- 

In the immediate fu ture ,  current  density da t a  and t o t a l  current  i n  the bra in  as 
it depends on s k u l l  cha rac t e r i s t i c s  will be calculated.  A l l  of t he  da t a  so f a r  
has been obtained with one pa r t i cu la r  p a i r  of e lectrode placements on a pa r t i cu la r  
sku l l .  
shape on the current  densities w i l l  be obtained with the techniques devised i n  the 
i n i t i a l  program. 

In  the more d i s t a n t  fu ture ,  t he  influence of e lectrode locat ion and s k u l l  

Tentat ively,  plans are being made t o  repor t  these s tud ies  a t  the 19th Annual 
Conference on Engineering i n  Medicine and Biology i n  November t o  be held i n  
San Francisco. 

Research Personnel 

D r .  Stanley Rush, Pr inc ipa l  Invest igator  
Dr. Wilbert Chambers, Co-Investigator 
Richard Blanchard. Graduate Student 

Other Financial  Support - None. 
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PROJECT V I I a  - 
Inves t iga tor  - 

BIOENERGY ELECTRICAL SOURCES 

D r .  Wilfred Roth, Professor and Chairman 
Department of E lec t r i ca l  Engineering 

Progress Report - July 31, 1966 

Abstract  

A wide va r i e ty  of e l ec t ron ic  devices are implanted i n  animals and humans f o r  
purposes of both measurement and control  of function. 
telemetering of b io logica l  da t a  and control  of function includes hear t  pacemakers 
and bladder control.  A l l  such devices present ly  use b a t t e r i e s  as primary energy 
sources and, -consequently, they a l l  s u f f e r  from t h e  disadvantage of having 
l imited l i f e .  

Measurement includes 

This research pro jec t  is d i rec ted  toward the  generation of electrical energy from 
the  resp i ra tory  process i n  m a m m a l s .  
racic pressure varies cyc l i ca l ly  - hence, work can be done on an auxi l ia ry  device 
placed i n  the chest .  A l i qu id  f i l l e d  bladder converts in t ra thorac ic  pressure 
change i n t o  a linear displacement tha t  i s  employed t o  wind a spring. 
dr ives  a magnetic escapement which exc i tes  a p iezoe lec t r ic  o s c i l l a t o r  member. 
Vibration of the piezo element generates A-C e l e c t r i c a l  output which is  r e c t i f i e d  
and f i l t e r e d  t o  achieve D-C power output. 

During the breathing process, the intratho-  

The spr ing 

A family of such energy Bources is being developed. 

S ta tus  of Work 

The Progress Report of February 1966 b r i e f l y  described the operating pr inc ip les  of 
an electromechanical device f o r  the  conversion of mechanical energy of r e sp i r a t ion  
i n t o  electrical form. 
f u l  i n  ver i fying t h a t  the present approach is sound and t h a t  our latest embodiment 
shows promise f o r  t rouble  f r e e  operation when implanted i n  an animal. 

The period from February through July 1966 has been f r u i t -  

I n  February and March, t h e  main spring and escapement from an alarm clock were 
employed t o  convert s tored mechanical energy i n t o  osc i l l a to ry  motion. 
electric element coupled t o  the  osc i l l a t ing  escapement successful ly  converted the 
mechanical energy i n t o  measurable electrical output i n  the  microwatt region. 
problems were encountered due to t h e  crudeness of t h e  preliminary experimental 
components, but the r e s u l t s  were encouraging s ince they val idated our ove ra l l  
thinking and readi ly  produced orders of magnitude improvement over the previous 
f l u i d  o s c i l l a t o r  approach. 

A piezo- 

Many 

I n  view of the successful  r e s u l t s  with t h i s  system, e f f o r t s  were directed toward 
overcoming an obvious f a u l t  of the  preliminary experimental r i g .  
escapement requires  the contacting of moving pa r t s .  
fac tory  f o r  long term implantation due t o  the problems of wear, v ibra t ion  and 
noise. 
these have proved t o  be extremely successful. 

The usual clock 
We f e l t  t h a t  t h i s  is  unsatis-  

Hence, attempts to  achieve a noncontacting escapement were i n i t i a t e d  and 
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A wound spr ing - i n  the  f i n a l  version, the  
mechanical energy of resp i ra t ion  - applies 
which two magnets are mounted. A magnetic 

spr ing w i l l  be kept wound by the  
tor?ue t o  a ro ta t ing  member upon 
f l exura l  v ibra tor  is mounted i n  

c lose  proximity t o  t h i s  r o t o r  so that  o sc i l l a t ions  are induced by magnetic 
coupling t o  the  rotor .  The f l exura l  element cons t i t u t e s  a high Q resonator 
c lose ly  coupled t o  the dr iving ro tor  and t h i s  serves a s  a speed governor t o  
maintain ro t a t ion  of the dr iving member a t  a constant speed regardless of applied 
torque over a wide range. The f lexura l  element of the v ib ra to r  comprises a 

o s c i l l a t i o n  of the member is obtained. 
a DC voltage output. 

bender" p iezoe lec t r ic  s l ab  from which electrical output a t  the frequency of 11 

This is r e c t i f i e d  a id  f i l t e r e d  t o  provide 

Detailed experiments t o  determine t h e  regulat ion cha rac t e r i s t i c s  of t h i s  non- 
contacting electromechanical escapement mechanism were conducted and measure- 
ment of power output versus physical s i z e  and t h e  l i k e ,  are present ly  in process. 

Upon completion of fu r the r  experiments on the  present macro model t o  determine 
frequency s t a b i l i t y  and power output levels, designe of miniature versions f o r  
implantation i n  experimental animals w i l l  begin, Small  main spring car t r idges  
from self-winding w r i s t  watches have already been procured f o r  t h i s  purpose but 
miniature magnetic non-contacting escapements must s t i l l  be designed and fabri-  
cated. This work w i l l  be i n i t i a t e d  in September 1966. 

Research Personnel 

D r .  Wilfred Roth, Pr inc ipa l  Invest igator  
One Graduate Student 

Other Financial  Support - None. 
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* PROJECT VIIb - 
Inves t iga tor  - 

RADIOLOGICAL DATA PROCESSING - CONTRAST DEMARCATION 
AND MULTICOLOR PRESENTATION 

Dr.  Wilfred Roth, Professor and Chairman 
Department of Electrical Engineering 

Progress Report - July 31, 1966 

Abstract  

An X-ray radiograph contains f a r  more information than the  observer is able  t o  
in t e rp re t .  
s i g n i f i c a n t  progress w i l l  accrue. 

I f  the  observer's a b i l i t y  t o  "read" the radiograph can be enhanced, 

Radiographs store information as shades of grey - varying from white t o  black - 
hence t h e  color  vis ion a b i l i t y  of the observer is not u t i i l z e d .  This research is 
di rec ted  toward the conversion of black and white radiographs t o  f u l l  color. 
Television scarming techniques plus  e lec t ronic  se l ec t ion  c i r c u i t s  are employed t o  
convert grey leve ls  t o  video s igna l s  applied t o  the  three  electron guns of con- 
vent ional  color  TV pic ture  tubes. 

Resul ts  t o  da t e  are dramatic - vivid co lor  conversions have been obtained, but 
system resolut ion i s  not ye t  as good as the  o r ig ina l  radiographs. 
being upgraded and c l i n i c a l  evaluation w i l l  follow. 

Quality is 

Sta tus  of Research Work 

Ef fo r t s  on t h i s  project  since February 1966 has been d i rec ted  spec i f i ca l ly  towards 
improvement of resolution. 
response i n  the e lec t ronic  system. 

This involves the  achievement of greater frequency 

In order  t o  overcome the l imi ta t ions  imposed by the commercial color  TV receiver 
t h a t  is being used, bandwidth l imi t ing  c i r c u i t r y  i n  the  receiver were by-passed 
and c i r c u i t s  of our own design were subst i tuted.  This achieved an e f f ec t ive  im- 
provement in the  order of two octaves. The present system l imi t a t ion  appears t o  
be the  TV camera t h a t  io used t o  scan the  black and white radiograph and t o  con- 
v e r t  t h e  p ic ture  i n t o  electrical video information. 
commercial camera is now subs tan t ia l ly  below t h a t  of our color  encoding c i r c u i t r y  
so camera modification is being considered. 

The frequency response of the  

A bas i c  aspect of color  v i s ion  may be playing a r o l e  i n  subject ive reso lu t ion  by 
the  observer s ince ,  even with the  improved frequency response, reso lu t ion  under 
black and white display seems t o  be b e t t e r  than with color display.  It has not 
been possible,  to date ,  t o  separa te  the subject ive v i s u a l  response of t he  observer 
from t h e  bandwidth l imitat ions of the TV camera. 
s igna l s  do appear as shades of grey var ia t ions even though the  va r i a t ions  are 
g r e a t l y  reduced over those i n  the  o r ig ina l  radiograph. 
s i g n a l  var ia t ions  are converted i n t o  co lor ,  the  var ia t ions  appear as beam current  
va r i a t ions  i n  only one of the three  color guns. 

Black and white high frequency 

However, when these grey 

Hence, the  high freqnency s igna ls ,  
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if introduced from 
and the  subject ive 

the  camera with low amplitude, do not modulate a l l  three  guns 
color  rendi t ion is grea t ly  reduced. 

A system of l og ica l  gates  is presently being devised t o  cope with t h i s  problem 
s ince  w e  wish t o  achieve as high a resolut ion as possible with the auxi l ia ry  
e l ec t ron ic  apparatus before redesigning our present camera :'r purchasing a 
more expensive higher qua l i ty  uni t .  

Research e f f o r t s  i n  the  F a l l  of 1966 wrll continue with e f f o r t s  to  improve the 
reso lu t ion  of d e t a i l  and color  rendition. 
white signals with the  color signals and da ta  processing t o  emphasize s igna l  
gradients  w i l l  be incorporated. 

I n  addi t ion,  the mixing of black and 

Research Personnel 

D r .  Wilfred Roth, Pr inc ipa l  Invest igator  
Dinesh Tewarson, Graduate Research Assistant 

Other Financial  S u p p s  - None. 
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Invest igator  - D r .  Claus A. Wulff, Assistant Professor 
Department of Chemistry 

Progress Report - July 31, 1966 

Abstract 

There are, perhaps, as many def in i t ions  of the entropy concept as there  are 
textbooks of thermodynamics and statistical mechanics. It is common experience 
t h a t  when ice and hot water are mixed i n  a thermos jar the f i n a l  state w i l l  be 
one of uniformly tepid water. It i s  equally t r u e  t h a t  when two d i f f e r e n t  gases 
are placed i n  the same vessel  a uniform gas mixture (air, i f  the  mixture is  80% 
nit rogen and 20% oxygen) r e su l t s .  
p r inc ip l e  alone, ne i ther  of these processes can be predicted; nor would there  be 
any restrictions on t he  reverse processes - the  spontaneous conversion of tep id  
w a t e r  to  ice and hot  water, o r  the unmixing of a i r  to give nitrogen and oxygen. 
But ye t ,  na tura l ly  occuring processes are known t o  be unidirect ional ,  o r  a s  
Bridgmanl has s ta ted :  
occurs is not capricious,  but i f  a pa r t i cu la r  sequence starts or runs at  a l l  i t  
w i l l  run i n  a unique direction... . ." It is t o  deal  with t h i s  problem - a quan- 
t i t a t ive  predic tor  of the  d i r ec t ion  and extent  of a chemical o r  physical  change 
i n  state - t h a t  t he  entropy concept has been developed i n  thermodynamics ( for  
macroscopic systems such as the  melting of ice) and i n  s ta t is t ical  mechanics 
( for  microscopic or molecular systems such as  the  mixing of gases). Entropy 
changes f o r  reactive systems can be deduced by thermodynamic and/or statistical 
arguments from physical measurements on the pure components t ha t  form the re- 
ac t ive  system; and the calculated entropy change6 can then be used t o  pred ic t  
t he  d i r ec t ion  and extent  of the  per t inent  reaction. 
those of bio logica l  importance, t h e  experimental da ta  are d i f f i c u l t  t o  obtain. 
This research program is concerned with the  development of methods of entropy 
estimation from measurements on compounds r e l a t ed  t o  those of interest, and from 
statist ical  calculat ions.  

On the  bas i s  of the conservation of energy 

'I.. . . . .The d i rec t ion  of the  sequence of changes which 

For many systems, including 

Introduction 

I n  cont ras t  with the period discussed i n  the  last  progress repor t  the major 
- e f f o r t  during t h i s  semester has been devoted t o  the  experimental port ion of 

the program. Sections (b) and (c) of t h e  Experimental review below make re f -  
erence t o  a so lu t ion  calorimeter. While the  construction and ca l ib ra t ion  of 
t h i s  apparatus w a s  not d i r e c t l y  supported by NASA funds, the  calorimeter will 
be used in the  NASA experimental program. 
appended. 

A repor t  of its construct ion it3 

During t h i s  period addi t iona l  f inanc ia l  support f o r  t he  pro jec t  was obtained 
from the  Research Corporation i n  the form of a Frederick Gardner C o t t r e l l  grant  
for $6,000. 

1. P. w. Bridgman, "The Nature of Thermodynamics", Harper and Row, New York, 1961. 
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Calculational 

The estimation of inorganic entropies: 
A scheme f o r  estimating t h e  entropies of simple inorganic compounds has 
been outlined, and tes ted  by comparison of calculated and experimental 
entropies  f o r  metal hal ides  and su l fa tes .  
f o r  the entropies of twenty-two monovalent hal ides  is  0.2 cal/mole OK. 
The comparable value using the estimation method proposed by Lat imer  (1) is  
1.2 cal/mole OK. 

This project  has been completed. 

The root-mean-square deviation 

The entropies  of aqueous ions: The paper describing the thermochemical 
paths t o  the  entropies  of t h e  aqueous Zn(IX), Cd(1I) , Hg(X) , and &(XI) 
ions was presented a t  the national meeting of the American Chemical Society. 
A similar set of calculat ions f o r  the aqueous Cu(II), Co(II), Ni ( I I ) ,  and 
Mn(1I) ions has been s t a r t ed ,  making use of new data  f o r  Co(I1) and N i ( I 1 ) .  
A r e l a t ed  experimental program i n  t h i s  laboratory w i l l  provide data  f o r  
Cu(11) ion. 

The nature of the t r ans i t i on  i n  3-azabicvclo 3.2.2 nonane: A solid-solid 
t r a n s i t i o n  has been found f o r  3-azabicyclo 3.2.2 nonane a t  24.9OC(2). 
s tochas t i c  model t o  account for the  nature of the t r ans i t i on  and the  mag- 
ni tude of its associated entropy increment is  being developed. 
includes a postulated change In t he  symmetry of the N-H vibration. Temp- 
erature dependent I R  and NMR studies  are being t r i e d  t o  test t h i s  postulate.  

A 

This model 

Experimental 

(a) The entropies of the aqueous CaOHf and BaOH+ ions: 
has completed a series of measurements on the  concentration dependent 
pH of solut ions of Ba(0H)z and Ca(OH)*. Both of these mater ia ls  are only 
s l i g h t l y  soluble,  and t h e i r  saturated solut ions are extremely suscept ible  
t o  carbonate formation i n  the  presence of air. 
i n  which the solut ions can be prepared, s tored,  and t ransferred w a s  con- 
s t ructed.  Measurements of pH were made with the Corning Model 12  pH Meter 
f o r  solut ions d i lu ted  from sa tura t ion  t o  molal. Duplicate determina- 
t ions  made severa l  weeks apart were reproducible within the l i m i t s  of the  
instrumentation (0.004 pH) - giving an indicat ion of the  s t a b i l i t y  of the 
o r ig ina l  solut ions.  

M r .  John Lerbscher 

An a l l -g lass  handling system 

Preliminary conclusions drawn from M r .  Lerbscher's da t a  ind ica te  tha t  the  
low value recent ly  reported (3) f o r  the d issoc ia t ion  constant of BaOH+(aq) 
is probably wrong, and tha t  both BaO@(aq) and CaOH+(aq) are "almost strong" 
e lec t ro ly tes .  Earlier t h i s  year several electrodes sens i t i ve  t o  metal ion 
sc t iv l tdes  ( i n  the  manner t h a t  a pH electrode is sens i t i ve  t o  hydrogen ion 
ac t iv i ty )  became avai lable  commercially. Typical d i ssoc ia t ion  constant * 

evaluations from pH determinations involve the estimation of an absolute 
a c t i v i t y  coef f ic ien t .  U s e  of a metal sens i t i ve  electrode w i l l  reduce the 
problem t o  the  estimation of an a c t i v i t y  coef f ic ien t  r a t i o ,  and presumably 
w i l l  allow grea te r  precision i n  the evaluation of d i ssoc ia t ion  constants. 
A calcium sens i t i ve  electrode has been ordered and w i l l  be so used. Such 
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equilibrium da ta  w i l l  then be combined with extant  enthalpy data  t o  evaulate 
t he  p a r t i a l  molal entropy f o r  CaO@(aq). 

The entropy of the aqueous f l u o s i l i c a t e  ion: Pr ior  t o  1962 the only entropy 
estimates f o r  f l u o s i l i c a t e  ion,  SiF -2, were those of Latimer (l), -12 cal/ 
mole OK, and Ryss (4) ,  29 cal/mole $. This author, as p a r t  of h i s  doctoral  
research, determined the  absolute entropy of (NH4)2SiF6 and col lected thermo- 
chemical data  from which an entropy of 30 2 10 caljmole OK could be calcu- 
l a t ed  f o r  the  SiF6'2(aq) ion. The pr inc ip l e  problem encountered w a s  related 
to the  hydrolysis of the  anion to  give several species presumed t o  be of the 
type SiFn(OH)6-n -2 (q). Various hydrolysis schemes have been considered - 
most of them containing a slow rate determining s tep.  
prepared a sample of (NH4)2SiF6(c) and has characterized t h i s  material by 
X-ray d i f f r a c t i c n  and by chemical analysis .  
material has been prepared and periodic pH measurements, as a function of 
concentration, have been started. 
s t e p  w i l l  be evidenced by a change i n  the  concentration dependence of pH 
over the  course of several months. I n  addi t ion t o  the hydrolysis of t he  
anion, one must consider the hydrolysis of the NH4+(aq) ion. 
s a l t  is unfortunately insoluble;  and is, indeed, the bas i s  of a gravimetric 
determination of f luos i l i ca t e s ) .  To determine the ammonium ion 's  contribu- 
t i o n  t o  the  hydrolysis,  M r .  Lerbscher is making pH measurements on so lu t ions  
of (NH4)2S04 over the  same concentration range. 

The pr inc ip le  purpose of these hydrolysis measurements is t o  obtain a guide 
f o r  the proper extrapolat ion of heat of so lu t ion  measurements t o  standard 
state conditions. Heats of solut lon,  both i n  pure water and d i l u t e  acid,  
w i l l  be made i n  the  ex is t ing  calorimeter. 
with s o l u b i l i t y  r e s u l t s  t o  evaluate the  p a r t i a l  molal entropy of SiF6-2(aq). 

The thermodynamics of t r ans i t i on  i n  3-azabicyclo 13.2.21 nonane: As is 
f a i r l y  common f o r  compounds whose molecules possess a high degree of symmetry, 
3-azabicyclo 13.2.21 uonane , AZBN , undergoes a sol id-sol id  t r a n s i t i o n  prior 
t o  fusion. 
c r y s t a l s ,  the  t r a n s i t i o n  is considered t o  be between a low-temperature o r  
ordered c r y s t a l ,  AZBN (11) , and a high-temperature disordered, AZBN(I) , 
modification. 
veniently accessible  to  several types of calorimetry. 
t r a n s i t i o n  have been studied by ad iaba t ic  calorimetry. 

(b) 

Mr. Lerbscher has 

A stock so lu t ion  of t h i s  

It is ant ic ipated t h a t  a slow hydrolysis 

fYhe potassium 

These da t a  w i l l  then be combined 

(c) 

Within the framework of theory concerning p l a s t i c  o r  "embific" 

For AZBN the  t r ans i t i on  occurs at  24.goC(2) - making i t  con- 
The thermodynamics of 

Miss Albertine Meymerian, an undergraduate research par t ic ipant ,  has recent ly  
joined the group and has undertaken t o  inves t iga te  the  thermodynamics of t h i s  
t r a n s i t i o n  by so lu t ion  calorimetry. 
AZBN(1) and AZBN(I1) i n  a common solvent  is simply the enthalpy increment 
f o r  the  react ion AZBN(I1) = AZBN(1). 
cial  sample of AZBN by successive vacuum sublimations, and has prepared a 
sample of AZBN(I1) by annealing a t  l iqu id  nitrogen temperatures. 
furthermore, completed simple s o l u b i l i t y  tests leading t o  the  choice of 
benzene f o r  the calor imetr ic  solvent. 

The difference i n  hea ts  of so lu t ion  of 

Miss Meymerian has pur i f ied  a commer- 

She has ,  
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The derived heat and entropy of transition will provide a check on the 
values obtained by adiabatic calorimetry. Since the transition is assumed 
to be of the order-disorder type, it would be interesting to determine the 
entropy changes for the reactions 

AZBN(1 and 11) = AZBN(so1ution) AS,, AS,,. 

Since the solution species is presumably "highly disordered" one would 
expect A S 1  to be smaller than A S  . 
activity of AZBN in its saturated &zene solution must be determined as 
a function of temperature. Such determinations are being reserved until 
the heat of solution measurements have been completed and an estimate of 
the non-ideality of the AZBN-benzene solutions can be made. 

To determine either quantity the 

(d) The construction of the cryostat The cryostat blueprints have been 
completed, revised, and reviewed by Professor Edgar F. Westrum, Jr. 
(University of Michigan). 
by 3') have proved difficult but is now being done in Ann Arbor. This 
author will soon visit Ann Arbnr, after the Calorimetry Conference, to 
discuss the economics of construction. 
has been purchased. 
of the Leeds and Northrup,and Honeywell conpanles concerning the needed 
instrumentation. 

Duplication of the prints (11 prints, each 4' 

A platinum resistance thermometer 
Discussions have been 5eld with field representatives 

Research Personnel 

Dr. Claus A. Wulff, Principal Investigator 
John Lerbscher, Graduate Student 
Albertine Meymerian, Undergraduate Research Participant 

Other Financial Support 

Petroleum Research Fund - $2,000 
Research Corporation - $6,000 
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PROJECT VIII - COMPUTER-ASSISTED EVALUATION OF INFORMATION CONTENT OF 
LABORATORY MEASUREMENTS 

Invest igators  - D r .  Rex D. Couch, Assistant Professor 
Department of Pathology 

D r .  David C. L a i ,  Assistant Professor 
Department of E lec t r i ca l  Engineering 

Progress Report - July 31, 1966 

Ab s tract 

The objec t ive  of t h i s  pro jec t  i s  t o  def ine the  amount of inference or  information 
i n  laboratory tests i n  various physiologic states. 
based upon probabi l i ty  theory. 
t he  information i n  one laboratory measurement and one physiologic state - t h i s  is 
the  one-dhensional case. 
the  information present  i n  two test r e s u l t s  f o r  any number of disease combinations. 
The ul t imate  goal of t he  pro jec t  is the  construction of an n-dimensional system 
(which, i n  the case of Medicine, would be a diagnostic system) f o r  pa t t e rn  recog- 
n i t ion .  
p robabi l i ty  theory. 

The system of measurement is 
I n i t i a l l y ,  the  measure has been used t o  provide 

Now the two-dimensional approach is being developed - 

This system w i l l  u t i l i z e  unsupervised machine learning a s  w e l l  as 

S t a t u s  of Work 

There has been increased a c t i v i t y  and progress i n  t h i s  project over the  year. 
input systems are f u l l y  tes ted ,  edi t ing programs are operational,  and r e t r i e v a l  
programs have provided a number of new approaches now being developed. 
expected, the  use of t r a d i t i o n a l  gaussian s ta t is t ical  methods i n  the analysis  of 
da t a  from hospi ta l ized pa t i en t s  has not provided r e l i a b l e  measures of normal 
values f o r  laboratory test r e su l t s .  A v i s u a l  p lo t  output f o r  frequency d is t r ibu-  
t i o n  of test values has been added t o  the  matrix output t a b l e  i n  C l in i ca l  Chemist 
Chemistry. "lie r e t r i e v a l  program for  Bacteriology is now being developed i n  con- 
s u l t a t i o n  with the Infect ious Disease Unit i n  the Department of Medicine. 
a l leged va r i a t ion  i n  "normal values" f o r  d i f f e r e n t i a l  leukocyte counts has been 
documented by the Hematology limits evaluation program. 

The 

As was 

The 

The pro jec t  i n  the f e a s i b i l i t y  of bat tery t e s t ing  of a l l  hospi ta l ized pa t i en t s  i s  
nearing completion and w i l l  be submitted f o r  publication t h i s  summer. 
ject has been extremely usefu l  as a mechanism f o r  s t imulat ing the i n t e r e s t  of 
other  members of the  Department of Pathology i n  the  computer program. 

This pro- 

Because of t he  success of the summer student  programming e f f o r t s  l a s t  year ,  we 
ROW have four  student programmers. Two are t r ans l a t ing  ex i s t ing  programs t o  IBM 
1130 FORTRAN language, one is writing a program f o r  ca lcu la t ion  of normal values 
by a non-parametric method developed by D r .  L a i ,  and the o ther  is wri t ing  qua l i ty  
cont ro l  research programs i n  conjunct?-on with a s tudent  i n  Medical Technology. 
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* The series of s tud ies  t h a t  w i l l  lead t o  a pa t t e rn  recognition system are pro- 
gressing w e l l .  
t he  Information Index, which calculates  t he  amount of information, o r  inference,  
t h a t  s i n g l e  test contains with reference t o  a s ing le  disease o r  group of diseases.  
The resul ts  of t h i s  study are being presented a t  the Rochester Conference on DATA 
Acquisit ion on Ju ly  26, and i n  the  Sc ien t i f i c  Assembly of the  American Society of 
C l in i ca l  Pathologis ts  on September 21. The program f o r  two-dimensional analysis  
of t he  information i n  mult iple  tests i n  mult iple  diseases  is nearing completion. 

A "one-dimensionalt' approach has yielded a measure t h a t  w e  ca l l  

The transducer for transmission of signals from an automatic analyzer d i r e c t l y  t o  
the  keypunch is now f inished and w i l l  be i n s t a l l e d  i n  the next few weeks. 
l a t ed  p ro jec t  on development of instruments and methods fo r  Isotope d i lu t ion  
technics  i n  Biochemistry is w e l l  underway. 

A re- 

The IBM 1130 computer is scheduled fo r  del ivery i n  November, 1966, and s i t e  
planning and program t r ans l a t ion  f o r  the i n s t a l l a t i o n  are proceeding. The devel- 
opment of t h i s  i n s t a l l a t i o n  and of the pro jec t  i n  general  has generated consider- 
ab le  i n t e r e s t  of the  facul ty  i n  the College of Medicine, and personnel associated 
with t h i s  pro jec t  have served as informal "consultants" for  development of p ro jec t s  
i n  Radiotherapy, Pathology, Obstetr ics  and Gynecology, and Surgery. The re la t ion-  
sh ip  with the Medical Computer Program at  the University of Missouri has continued 
and a j o i n t  study of c y c l i c  changes i n  iodine metabolism is i n  progress. 

This p ro jec t  has  become more c lose ly  a l l i e d  with the University Computation Center 
i n  the  pas t  year and the cooperative arrangements and c o n s d t a t i o n  have been most 
benef ic ia l .  

Research Personnel 

Dr .  Rex D. Couch, Pr inc ipa l  Invest igator  
D r .  David C. Lai,  Co-Investigator 
Bdmund H. Shephard, Programmer ( t o  June 10, 1966) 
Roderick Halstead (from Sept. 1, 1966) 
Veronica C. Evering 
John C. Abajian, Student Programming Trainee 
Paula Flynn, Student Programming Trainee 
Stephen Greenberg, Student Programming Trainee (Funded from 
Robert Whitmore, Student Programming Trainee (another 
Theresa Bushway, Input Clerk (source. 
Donald A. B. Lindberg, M.D., O)irector, Medical Computing Progran, U. Of Miesouri) 

Mrs. Robert Stram, (IBM Corp.) Consultant, Systems 
David B. H i l l ,  PH.D., Consultant, S t a t i s t i c a l  Systems 
Norbert F. Charbonneau, Consultant, Programming 

Consultant, Cl in ica l  Pathology Systems 

Other Financial Support 

N I H  General Research Support Grant 
Edward C. Andrews, Associate Dean, College of Medicine - $2,140.00 
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PROJECT XIV - MATWMATICAL MODELS OF PHYSIOLOGICAL PROCESSES 

Invest igators-  Charles F. Taylor, Associate Professor 
Department of E lec t r i ca l  Engineering 

Dr.-David B, HS11, Assistant Professor 
Department of Mathematics 

Abstract  

The object  of t h i s  study is to  develop a hybrid computer t o  a id  i n  the development 
of Mathematical Models f o r  Physiological Systems. In par t i cu la r ,  t h i s  investiga- 
t i o n  has been concerned with systems in which it is reasonable t o  suppose t h a t  the 
observations represent sums of decaying exponential functions. 

Progress toward t h i s  object ive has been achieved i n  two areas. 
techniques have been developed which f a c i l i t a t e  the analog tuplementation of re- 
quired computations. Rather than attempting to  minimize the error funct ional  i n  
the space of the  physiological parameters t h i s  procedure is car r ied  out i n  a 
"mathematical parameter" space. 
poles and zeros of the  system t r ans fe r  function. 
computation of the necessary gradient  components i n  the analog sect ion.  

F i r s t ,  mathematical 

These mathematical parameters are in f a c t  the  
This technique allows the  easy 

%- Secondly, s ign i f i can t  new hardware has been developed enabling the construction 
of the analog sec t ion  a t  moderate cost. 
state logica l ly  control led operat ional  amplifer with an associated comparator. 
This device can be used universal ly  in spec ia l  purpose computers t o  perform, sample 
and hold, in tegra t ion ,  accumulation and t a b l e  look-up operations.  

The bas ic  building block is an a l l  so l id  

Status  of Work 

The primary object ive of t h i s  pro jec t  is t o  develop a hybrid device f o r  t h e  analysis  
of Physiological da t a  by means of the  "Compartmental Model" technique. 
toward t h i s  object ive has been made in two d i s t i n c t  areas. 
implementing a solut ion,  u t i l i z i n g  log ica l ly  control led analog hardware t o  a grea t  
extent ,  has been developed. 
i t e r a t i o n ,  producing up t o  ten  complete i t e r a t i o n s  per second. Secondly, s i g n i f i -  
cant new hardware has been developed, enabling the construction of t he  analog sec- 
t i o n  a t  moderate cost .  
appl icat ions and has been incorporated by one of the inves t iga tors  (Dr. Taylor) i n  
a spec ia l  purpose computer f o r  on-line pulmonary function s tudies .  

Progress 
F i r s t ,  the  method 

This technique w i l l  allow for extremely rapid 

This device promises to be of value i n  a wide range of 

Although the method of so lu t ion  outlined below appl ies  i n  general  t o  any number of 
compartments, the inves t iga tors  have concerned themselves t o  the present with the  
so lu t ion  of a 2 compartment model. 

The bas i s  f o r  the  so lu t ion  procedure is the  f a c t  t h a t ,  subject  t o  ce r t a in  
r e g u l a r l i t y  conditions, 

where L- l  ind ica tes  the  inverse Laplace Transf om. 
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Thus in computing the  gradient  of the cos t  function: 

Tansfer Function 

sm + al s m - 1  + ... + am 
sn + b l  sn-1 + . .. + bn 

_----- - -------_---- - -----_-- 4 -3 y ( t )  ---3 

m-k 
L- l  f 9 s  'csn + bl sn-l + 
avai lab le  as outputs of amplifiers 

where x(ti) are the a c t u a l  observations and y(ti,  IT1 ,..., 
values at t i m e  ti with parameters 
Compute i ts  partials with respect t o  the parameters and thus generate 
0, y ( t , '  TI,..., 
I n  Compartmental Models, where y ( t )  represents the  amount of tracer i n  a compart- 
ment a t  t i m e  t, y ( s )  is given by: 

Tn) are the  predicted 

71 1 , * * * ,  ITn, one can generate y(s ,  n1 ,..., nn), 

V n )  i n  the  tine domain. 

Iden t i ca l  
Ci rcu i t ry  

Y (SI = qo f." + al sm-l + ... + aJ 

rs" + bl L sn-l + ... + b 4  
2 

where t h e  a's and b 's  are known functions of the  physiological parameters of 
i n t e r e s t .  Thus 

+ ... + 
'Y ( 8 )  

csn + bl s 

ay(t)  = L-l  

j 
ab 

and 

In  order t o  car ry  out the  so lu t ion  i n  the s impliest  possible  way, i t  was decided t o  
minimize r i n  the  space of the  ai and b, r a the r  than i n  the physiological 

- 
parameter space. 
as outlined below: .. 

This technique ailows us ;o generate VI' ,in a simple fashion 
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qo is input  t o  the f i r s t  c i r c u i t  and y ( t )  is generated continously. Furthermore, 
as indicated,  ay(t)  is continously avaihbk? as intermediate output i n  the first 

a ak 
c i r c u i t .  By using y ( t )  as the  input t o  the  second package, ( re fer r ing  t o  the  
form of above), ay(t)  w i l l  be continously generated i n  c i r c u i t  P2. 

abj 
Thus y ( t )  and P y ( t ,  al, ..., am, bl, ..., bn) are generated i n  pa re l l e l .  A t  
time t i  a l l  amplif iers  are switched t o  hold by a camparator c i r c u i t ,  x ( t , )  is  * 
entered and the quan t i t i e s  -2. [x(tl) -y(tl)) a y ( t l ) ,  i = 1, ..., m and 

a ai - 
-2 p ( t l )  -y( t l ) l  

computation then proceeds t o  t i m e  t2 and so on. 
are s tored  i n  the  accumulators. 
d i g i t a l  sect ion.  

ay( t  1, j - 1, ..., n a r e  entered i n t o  accumulators. The 

A t  t i m e  tn the components of VI' 

1 
a bj 

These are converted A t o  D and entered i n t o  a 

I n i t i a l l y  i t  w a s  fe l t  tha t  an experienced inves t iga tor  might be ab le  t o  en te r  a 
s t ep  s i z e ,  change the parameters by t h i s  amount i n  the  gradient d i r ec t ion  and arrive 
a t  a s ta t ionary  point (Vr 0 0 )  more rapidly than by using a l i nea r i za t ion  scheme. 
Experience indicated that t h i s  is  not the case. 
addi t ion of a th i rd  iden t i ca l  c i r c u i t ,  which by sequent ia l  sampling of the outputs 
of 111 and 2 w i l l  compute the  second p a r t i a l s  of 
with VI' i n t o  a d i g i t a l  computer and Gauss-Newton techniques applied t o  determine 
the new parameter values. 
i n t o  the hybrid sec t ion  i n  order t o  keep hardware cos ts  t o  a minimum.  

Thus fu ture  plans call fo r  the 

r. These w i l l  be entered along 

It is proposed t o  have t h e  new values entered manually 

The bas ic  building block of the  spec ia l  purpose computer portion of the hybrid 
r ea l i za t ion  is an a l l  s o l i d  state logical ly  controlled operat ional  amplifier and 
an associated comparitor. 
purpose computer i n  performing sample and hold, in tegra t ion ,  accumulation, t a b l e  
look-up analog memory and a novel tab le  look-up mult ipl icat ion operation. 

This device is used universal ly  throughout t he  spec ia l  

Research Personnel 

Dr .  Charles F. Taylor, Pr inc ipa l  Investigator 
D r .  David B. H i l l ,  Co-Investigator 

Other Financial  Support - None. 
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Inves t iga tor  - Howard Duchaceb, Associate Professor 
Department of Mechanical Engineering 

Progress Report - Ju ly  31, 1966 

Abstract 

If the  ins ide  surface of a shor t  hollow cylinder is ..eated somewhat suL,3nly, 
the materiAl near the  ins ide  surface w i l l  expand and be forced generally i n t o  
compression, and consequently the mater ia l  near the  outer  surface w i l l  generally 
be s t r e s sed  i n  tension. 
of the  heating period, and sometimes r e s u l t s  in rupture of the  material. 
phenomena is usually accompanied by an e l a s t i c -p l a s t i c  behavior of t he  material, 
and since the  conditions change w i t h  t i m e ,  the  theo re t i ca l  analysis  is d i f f i c u l t .  
A numerical so lu t ion  is attempted using a d i g i t a l  computer wherein the in t e rac t ion  
of many t h i n  cy l ind r i ca l  r ings within the  cylinder during severa l  shor t  i n t e rva l s  
of t i m e  enables a determination of the stresses and s t r a i n s ,  which vary with t i m e ,  
across the thickness of the  cylinder. I n  the  experimental port ion of the program 
severa l  temperatures and also the deformation of the outs ide diameter of t he  
cyl inder  over t he  heat ing and cooling period are measured. The numerical and the 
experimental da t a  are to  be correlated.  

This condition usually occurs in t he  f i r s t  few seconds 
The 

Objectives 

1. It is proposed tha t  t he  numerical method f o r  determining thermal stresses 
involving p l a s t i c  flow i n  a constrained f l a t  p l a t e  be extended so t h a t  a 
computer program w i l l  be wri t ten t o  determine res idua l  stress which re- 
s u l t  from suddenly heating the inner surface of a shor t  hollow cylinder.  

2. It is proposed tha t  a method be determined t o  specify the temperature 
d i s t r ibu t ion  i n  a cy l ind r i ca l  r ing ,  the  temperature of the  ins ide  sur face  
of which is a non-linear function of t i m e .  

3. It is proposed tha t  an experimental program be conducted t o  determine 
the  teuqerature,  and strain during the  heating cycle and the  res idua l  
s t r a i n  upon re turn  t o  ambient temperature. 

F i r s t  Objective 

A computer program has been wr i t t en  according t o  the  method prescribed under 
"F i r s t  Objective" of the February 7, 1966 Semi-Annual Report. 
cy l ind r i ca l  r ing  is divided i n t o  many s h e l l s ,  the  temperature and proper t ies  
of each is known a t  any t i m e  ins tan t .  Using deformation theory, the  p l a s t i c  
s t ra in  ( i f  any) is calculated on each s h e l l  a t  a $articular t i m e  i n s t an t ,  and 
new sizes  of the cold s h e l l s  are Calculated. 
and exposed t o  new temperatures so t ha t  they are compatible ( t h e  outs ide diameter 
of one equals the  ins ide  diameter of the next outer  one). 
continued f o r  many t i m e  i n s t an t s  u n t i l  ambient temperature is a t ta ined  and 

Br ie f ly ,  a 

The new s k e  s h e l l s  are s t r e s sed  

The method is 
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r e s idua l  stresses and s t r a i n s  e x i s t .  

The program f o r  the f i r s t  t i m e  i n s t an t  was wr i t t en  p r i o r  t o  the  February 7 report. 
The program f o r  the  addi t iona l  t i m e  ins tan ts  has s ince  been wr i t t en  and has been 
run with da t a  provided from welding research data. The computer r e s u l t s  obtained 
do c o r r e l a t e  very w e l l  with the  welding r e s u l t s .  
tungsten r ings  w i l l  be inser ted  i n t o  the progran and those r e s u l t s  w i l l  be corre- 
l a t ed  with r e s u l t s  of t he  experimental program. 

Data for pressed and s in te red  

Second Objective 

Experimental work continues on determination of hea t  f l u x  t o  the  ins ide  surface 
of t h e  r ings.  
gram described under "Fi rs t  Objective" The problem of attaching thermocouples t o  
the  end surface of t h e  cy l ind r i ca l  pressed and s in te red  tun5,sten r ings has been 
solved with use of a capacitor discharge c i r c u i t  t h a t  welds the  very small chromel- 
alumel thermocouples t o  the  tungsten rings.  
t u r e  d i s t r i b u t i o n  and heat  f l u x  w i l l  continue i n  the  immediate future .  

Ef for t  here w a s  reduced so as t o  concentrate on the  computer pro- 

Further e f f o r t  t o  determine tempera- 

Third Objective 

Pressed and s in t e red  tungsten r ings  have been received f o r  t h i s  p a r t  of the  
experimental program. The s t r a i n  measuring system has been constructed. This 
cons i s t s  of a heavy cyl indrical  r i ng  which contains four linear-variable-differen- 
t i a l  transformers which transmit deformation s igna l s  t o  a s e n s i t i v e  recording 
device (Visicorder). Deformations from the  outside sur face  of t he  cy l ind r i ca l  
r ings  w i l l  be transmitted through high temperature sensing poin ts  ( recrys ta l l ized  
alumina) so t h a t  t i m e ,  temperatures and deformations w i l l  a l l  be recorded on a 
s ing le ,  r e l a t i v e l y  trouble-free device. 

Summary 

Generally, the  computer so lu t ion  has received most a t t e n t i o n  during the  previous 
f i v e  months and t h a t  program is now avai lable ,  The s t r a i n  measuring device has 
also been constructed and is ready f o r  use. 
w i l l  be obtained t h i s  summer f o r  cor re la t ion  and ana lys i s  of stress-strain-time 
r e s u l t s  t h i s  f a l l .  
reasonable. 

Ex?erimental and computer r e s u l t s  

The completion da te  of February 1, 1967 appears t o  be 

Research Personnel 

Research on the  above pro jec t  began i n  Apri l ,  1965 with the  assignment of Prof. 
Howard Duchacek t o  t h e  pro jec t  f o r  one-quarter of h i s  academic program f o r  t he  
months of April  and May. During t h e  Summer of 1965 graduate s tudents ,  Timothy 
L. Brosseau and Robert B. Lee joined t h e  p ro jec t  fo r  13 weeks of t he  summer and 
were supervised by Professor Duchacek on a one-quarter of one-ninth bas i s .  From 
September 1, 1965 t o  February 1, 1966 the graduate s tudents  were on a half-time 
academic bas i s  by Professor Erling Chamberlain, a l s o  on a one-quarter t i m e  bas i s .  
From February 1, 1966 t o  June 1, 1966 Prof. Duchacek w a s  on a quarter-time bas i s  
and the  graduate s tudents  w e r e  on half-time. 
graduate s tudents  w i l l  devote 13 weeks each t o  the pro jec t ,  and ?rof. Duchacek 
w i l l  devote two months. 

During the  Summer of 1966 the  
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Other Financial  Support 

Date - 
August 1962 - September 1963 
October 1963-September 1964 
October 1964-October 1966 

Amount Ap;encV 

$22,240 Naval Research Laboratory 
25,157 Naval Research Laboratory 
39,988 Naval Research Laboratory 

Reports on Subject Research 

1. H. Duchacek and T. L. Viau. 
"A corre la t ion  of Temperature Distr ibut ion Parameters Concerned with Thermal 
Shock." June, 1962, Progress report  t o  NRL. 

2. H. Duchacek and T. L. Viau 
"A Computer Program t o  Determine Thermal S t r e s s  Involving Plastic Flow." 
August 1962, Progress repor t  t o  NRL. 

3. H. Duchacek and T. L. Viau. 
"Invest igat ion of Thermal Shock Character is t ics  of some Rocket Nozzle 
Materials." September, 1963, Progress repor t  to  NRL. 

4. H. Duchacek, D. P. Fay, and T. L. Viau. 
"Reduction of Severity of Thermal Shock S t r e s s  of a Clamped P l a t e  by 
Previous Sudden Heating of the Same Surface." May 30, 1964, Report t o  N U .  

5 .  H. Duchacek, D. P, Fay, and T. L. Viau. 
"A Computational Method Involving the  l b o  Dimensional Elas t ic -P las t ic  
Assumption t o  Determine Residual Stresses Resulting from Welding Moderately 
Thick Plates." June 30, 1964, Progress repor t  t o  NRL. 

6. H. Duchacek, D. P. Fay, and E. W. Chamberlain. 
"A Numerical Computer Program t o  Determine Thermal S t resses  and St ra ins  
i n  Thin E l a s t i c  Disks." June 10, 1965, Progress report  t o  NRL. 

7. H. Duchacek, T. L. Brosseau, and R. B. Lee. 
"A Numerical Computation of Them1 and Residual S t resses  in a Disk i n  the 
Elas t ic -Plas t ic  Mode Resulting from a Suddenly Applied Centrally Located 
Heat Source." March 31, 1966, Progress repor t  t o  NRL. 



* PROJECT XI11 - 

Investigator - 

ABSORPTION OF LIGHT BY WIDE BANDGAP SEMICOIJDUCTORS IN 
HIGH ELECTRIC FIELDS 

Dr. Lloyd M. Lambert, Associate Professor 
Department of Electrical Engineering 

Progress Report - July 31, 1966 

Abstract 

The absorption of light at frequencies corresponding to eneagies for valence band 
to conduction band transitions in wide bandgap semiconductors gives useful infor- 
mation with regard to the nature of the bands and the type of transitions. If 
the electron can achieve large momentum values due to the large electric field 
and small scattering probability, then quantization of the conduction band should 
be observable. 
mechanical understanding of band structure rests on a framework of mathematics 
which predicts such quantization. To observe this effect experimentally would 
provide satisfying confirmation of our mathematical treatment of band structure 
in semiconductors especially with regard to interband transitions. 

This particular experiment is "critical" inasmuch as our quantum 

Introduction 

The work during this report period was primarily concerned with planning, pur- 
chasing, and checking out the various items of laboratory equipment necessary to 
the experimental program. Some theoretical study of the problem was conducted 
and some interesting new results were noted by other investigators which can be 
investigated experimentally within the scope of the program. 

Experimental Work 

The experimental work can be best tabulated with regard to area of use as: 

1. 
in the lab area and checked out. 
over the sink with venting through existing ducts to the roof. 
quired for etching GaAs with the standard bromine etch. 
equipment was purchased and checked out. 
containers were purchased and set up in the lab area. 

Lapping, Polishing and Etching. The precision lapping equipment was set up 
A fume hood was purchased and is being installed 

Precision wafer measuring 
This hood is re- 

The necessary chcnlicals and associated 

2. 
after the installation of the fume hood so that indium contact rings can be 
evaporated. 
under investigation. 
Electronic Research Laboratory, Baldock, England for use in this work. 
material will be X-ray oriented along the (100) and (111) planes and wafered 
in the near future. 

Sample Fabrication. The NESA glass has been obtained and will be etched 

Mylar is to be used as the dielectric although other materials are 
Semi-insulating GaAs has been obtained from Services 

The 

3. 
to be installed in September 1966. 

Spectrophotometric Measurement. The Cary 14R was ordered and is scheduled 
The dewar assembly has been rewired and 
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vacuum checked f o r  use i n  the spectrophotometer. 
purchased under a NSF Grant, has been modified f o r  use w i t h  the dewar. 

A multipurpose vacuum system, 

4. 
obtained f o r  use i n  aligning and measuring the high electric f i e l d  p lses used. 

cm. 

Electronic  Measurement, The oscil loscope and high voltage probe have been 

Work is continuing on a revised pulser system needed to reach 5 x 10 3 vo l t s  per 

Theoretical  Work 

A recent paper by Duke and Al fe r i e f f ( l )  on a solvable model of a hydrogenic 
system i n  a strong electric f i e l d  with pa r t i cu la r  emphasis on o p t i c a l  absorption 
i n  semiconductors cites some of my previous resu l t s .  
f i e l d  value w a s  5.83 x I O 3  v o l t s  per  cm., t he  most in te res t ing  port ion of the 
absorption response as predicted by t h i s  theory, can only be observed below 
1.7 x 103 v o l t s  per cm. 
a lowering of the  continuum edge, as measured by op t i ca l  absorption, due t o  
electron-hole, Coulomb interact ion.  
a t  the earliest possible time t o  see i f  the la rge  exciton peak at  0.5 ev below the 
the  band edge r e a l l y  exists and can be removed with an increase i n  electric f i e l d ,  

However, s ince  my lowest 

The general  trend of the higher f i e l d  r e s u l t s  ind ica te  

It w i l l  be in t e re s t ing  t o  check the theory 

Additional work has been done on examining the e f f e c t  of the l o w  temperature on 
the e lec t ron  mobility. 
ing centers ,  the Coulomb f i e l d  is cut  off  by screening a t  f i n i t e  temperatures. 
The apparent e f f e c t  of lowering the temperature is t o  increase the  mobili ty as t h e  
phonons disappear and then t o  decrease the  mobility due t o  small angle sca t t e r ing  
by the ionized impurity centers as the temperature is reduced fur ther .  
ized impurity centers  are due t o  the  oxygen necessary t o  convert semiconducting 
t o  the  semi-insulating type, N o t  only ie the  mobili ty decreased by the ionized 
sca t t e r ing  but  a l so  t h i s  small angle Scat ter ing tends t o  coalesce the  Wannier 
l eve l s  t o  a continuum in  campe t i tha  wXth the  quantizing of the electric f i e l d .  

Since i n  the  current theory of ionized impurity scatter- 

The ion- 

A complete ca lcu la t ion  of these competing phenomena w i l l  be completed i n  the 
near future .  

Future Plans 

The main item of interest, the  spectrophotometer, w i l l  be in s t a l l ed  i n  September. 
After check out,  the eample preparation and preliminary tests can be conducted. 
Verif icat ion of the theory of Duke and Alfer ieff(1)  can be accomplished shor t ly  
thereaf te r .  Work is continuing on the high voltage pulser  fo r  the  quantization 
research and should be completed by the end of the year. 

Research Personnel 

Lloyd M. Lambert, Pr incipal  Investigator 

(l) C. B. Duke and M. E. Alfer ie f f ,  Phys. Rev. 145, 583 (1966). 

- 28 - 



Other Financial Support 

1. NSF Grant No. GU-1505; 1 Nov. 1965 to  31 Oct. 1966 - for purchase of vacuum 
evaporator and associate equipment for the fabrication of samples. 

2. AFOSR Grant; 1 July 1966 to  30 June 1969 - for further research into 
quantization of the continuum states  in  high e l ec tr i c  f i e l d s .  
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PROJECT IV - INDIVIDUAL DIFFERENCES IN THE INFLUENCE OF SENSORY ISOLATION 
UPON INTELLECTUAL, ENOTIONAL, AND PHYSIOLOGICAL F’UNCTIONS 

Invest igator :  Donald G,  Forgays, Professor and Chairman 
Department of Psychology 

Progress Report - Ju ly  31, 1966 

Abstract 

Persons subject  t o  sensory r e s t r i c t i o n  o r  i so l a t ion ,  as i n  underwater exploration, 
ea r ly  warning radar observation work, o r  i n  space f l i g h t ,  frequently report  per- 
cep tua l  d i s t e r t i o n ,  problem solving and memory d i f f i c u l t i e s ,  and the  l i k e ,  a f t e r  
only b r i e f  periods of i so l a t ion .  
u a l  d i f fe rences  i n  s u s c e p t i b i l i t y  t o  such e f f e c t s  and then t o  study the  possible  
amelioration of such d i s t o r t i o n s  through selective inputs  during the  i so l a to ry  
period. 
w e l l  controlled i so l a t ion ;  underwater i s o l a t i o n  with supplied a i r  breathing was 
chosen as the optimal experimental environment. 
w a s  spent  i n  e f f ec t ing  adequate techniques f o r  physiological and psychological 
measurement underwater, s ince  both types of measures are important i n  t h i s  project .  
The study is a t  the  s tage  now where subjects  are exposed t o  the  i so l a to ry  experi- 
ence and t h e i r  responses t o  i t  are being observed systematical ly .  The pr inc ipa l  
var iab les  of the  study are four: a) individual  differences -- these are measured 
d i f fe rences  i n  the  subjec ts  i n  terms of personality dimensixxi and physiologicaX 
s t a t u s ;  b) t i m e  of i s o l a t i o n  -- t h i s  w i l l  vary from th ree  t o  six hours i n i t i a l l y ;  
c) reporting t i m e  -- t h e  subjec t  w i l l  e i t h e r  be allowed t o  report  any phenomena 
as they occur i n  i s o l a t i o n  o r  w i l l  repcjrt only upon exit from the  tank; and d) 
sensory input  -- subjects  w i l l  be assigned t o  one of th ree  conditions, the  f i r s t  
provides f o r  as complete an absence of sensory input i n  i s o l a t i o n  as possible ,  
the  second provides unstructured auditory and v i sua l  s igna l s  t o  some subjec ts ,  
and the  t h i r d  provides highly organized v i s u a l  and auditory s igna ls .  
these parameters w i l l  be studied individual ly  and as in t e rac t ion  var iables .  

This study attempts t o  inves t iga te  t h e  individ- 

I n i t i a l  e f f o r t  i n  t h i s  study has been spent i n  producing an adequate and 

A grea t  dea l  of t i m e  and e f f o r t  

Each of 

L i t e ra tu re  Search and Technical Problems of Subject Immersion 

This study has been underway f o r  approximately fourteen months. As indicated i n  
the  last  progress repor t  (February 1, 1966), a t t en t ion  has been d i rec ted  ch ief ly  
t o  two tasks  -- l i t e r a t u r e  search and technical  problems of subjec t  immersion, 
These tasks  have been la rge ly  completed as indicated below and p i l o t  immersions 
have been undertaken. 

1. The review of the  pas t  l i t e r a t u r e  has been completed and contemporary 
l i t e r a t u r e  is constantly monitored so t h a t  the  bibliography remains up-to- 
date. To da te  some 350 re levant  t i t l es  have been assembled. An ar t ic le  
r e f l ec t ing  t h i s  review is underway and it  is expected t h a t  i t  w i l l  be sub- 
mitted f o r  publication i n  the  next reporting period. 
progress repor t ss  there  have been few i s o l a t i o n  s tud ie s  i n  which adequate 
controls  have been employed or ,  indeed, i n  which systematic variatior.  of 
conditions w a s  effected.  For example, subjec t  differences has not been a 

As suggested i n  earlier 
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. 
var iab le  s tud ies  t o  any extent. Moreover, va r i a t ion  i n  depth of i so l a t ion ,  
espec ia l ly  with a no i s o l a t i o n  condition, has not been effected systematical ly .  
Duration of e f f e c t  and possible amelioration of e f f e c t s  has not been studied. 
Many of these lacunae possibly r e f l e c t  the g rea t  d i f f i c u l t y  i n  achieving 
adequate base conditions of i so la t ion .  
ga t e  each of these var iab les  under appropriate conditions. 

The present study attempts t o  inves t i -  

2. Technical problems of subject  immersion have continued t o  occupy much of our 
a t t en t ion ,  with t h e i r  reso lu t ion  occurring i n  the  pas t  week o r  so. 

Where w e  had r e l i e d  upon gravi ty  heating of the  immersion water (through 
la rge  rad ia tors  i n  the  i so l a t ion  room), t h i s  procedure w a s  replaced by a 
l a rge  coi led immersion heater i n  the tank i t s e l f .  
fabr icated,  is  now i n s t a l l e d ,  and appears t o  be functioning properly. 
This w i l l  guarantee us constant water temperature at  body heat. 
A f i l t e r i n g  system fo r  the water has been i n s t a l l e d  and the water i t s e l f  
is  now t r ea t ed  chemically. Testing ind ica tes  t h a t  the  water environment 
is medically acceptable f o r  long term immersions (up t o  a dozen hours or 
so). 
The two-way communication system between subjec t  and experimenter has been 
i n s t a l l e d  and is functioning w e l l .  
has now beeri b u i l t  i n t o  the  design of the  experiment, of producing a l a rge  
var ie ty  of azdi tory s igna ls  (from pure unstructured tones t o  s t ruc tured  
pa t te rns)  and impinging these upon the  subject  i n  the  tank. 
between such s igna l s  and perceptual changes i n  the  subject  or amelioration 
thereof w i l l  now be studied. 
Recording of physiological measures (e.g., EKG, EEG, GSR, etc.) taken 
underwater has been worked on t o  a considerable extent. Our electrical 
engineering consultant has effected appropriate grounding and sh ie ld ing  
techniques so t ha t  these  records appear to  be as adequate as those ob- 
tained under dry conditions. 
amplifier t o  our physiograph so t h a t  w e  can monitor s igna l s  on a shor t e r  
t i m e  scale. It is now planned t o  monitor EKG, GSR, four  EEG l o c i ,  respi- 
ra t ion ,  and pulse. 
na l s  a t  any one moment i n  time. Respiration and EKG w i l l  be constantly 
monitored so w e  w i l l  be ab le  t o  record each of t he  other  measures about 
40% of the  t o t a l  t i m e  of immersion. 
Because of the  urinary problems re fer red  t o  i n  our l a s t  repor t ,  male sub- 
jects only w i l l  be s tudied i n i t i a l l y .  
and the  ur ine  w i l l  be  subjected t o  ana lys i s  as p a r t  of our physiological 
s tudies .  
regard. 
As reported earlier, w e  have immersed approximately ten  p i l o t  subjec ts  t o  
da te  f o r  periods up t o  one hour, plus. 
out  t he  equipment, and experimenters and t h e i r  colleagues have been em- 
ployed as subjects .  
problems have been d e a l t  w i t h  e f f ec t ive ly  and t h a t  t he  fu l l - sca le  study 
can now begin. 
The personality indices  have been chosen as p a r t  of the study of individual 
differences;  they include the  following: 

This has been custom 

This allows us the poss ib i l i t y ,  which 

The r e l a t i o n  

I n  t h i s  regard, we have added a fourth 

With four amplif iers ,  w e  can record half  of these s ig-  

Elimination bags have been obtained 

Cooperation of t h e  Medical College has been arranged i n  t h i s  

This has been done la rge ly  t o  test 

On t h i s  bas i s ,  it i s  now f e l t  t h a t  most technica l  

1. The Cat te l l  16 PF Personality T e s t .  
2. 
3. The Edwards Personal Preference Scale. 
4. The Morris Scale: Ways t o  Live. 

The I innesota  Multiphasic Personality Inventory. 
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h) The i n i t i a l  group of subjec ts  for  the experiment has been recrui ted.  
have been subjected to  complete physical examination by our medical consult- 
a n t  and are now undergoing the  personal i ty  t e s t ing  phase of t he  project .  
Revised procedure now calls f o r  a preliminary immersion of each subject  f o r  
approximately 15 minutes f o r  the purpose of acclimating him t o  the breathing 
apparatus and the underwater environment. This is followed within a few days 
by the  longer experimental immersion, This s t e p  was indicated by our prelim- 
inary s tudies  which suggested tha t  t h e  newness of t he  s i t ua t ion ,  espec ia l ly  
the  problem of aided breathing underwater, captured the f u l l  a t t e n t i o n  of the  
immersed person to the  extent  of preventing h i s  re laxa t ion  f o r  a considerable 
period of time. The shor t  indoctr inat ional  t r i a l  appears t o  be s u f f i c i e n t  t o  
prevent inh ib i tory  processes from operating, a t  least t o  any considerable 
extent .  
W e  have a l s o  modified the  condition of subjec t  placement i n  the  i s o l a t i o n  
tank. 
electrical recording--harness i n  the tank and used a weight b e l t  t o  counter- 
act body buoyancy. 
a t t i t ude .  
i n  the  bottom of the  tank, The subject  is i n i t i a l l y  seated i n  the  cha i r  and a 
a seat b e l t  loosely fastened. We have found t h a t  t he  subject  w i l l  f l o a t  out  
of the cha i r  (na tura l  buoyancy) and be held suspended by the  seat b e l t ;  t h i s  
lat ter pressure adapts-out within a few minutes. 
problems of maintaining appropriate body a t t i t u d e  i n  tha tank. 
As indicated i n  h) above, subjects  f o r  i n i t i a l  f u l l  t e s t i n g  have been re- 
cru i ted  and have already begun t h e  experimental program. 
t h a t  approximately 50 subjec ts  w i l l  be tes ted  by the  beginning of next year. 
There have been minor changes i n  the  overa l l  design of t he  study. 
pr inc ipa l  parameters t o  be varied include: 

Ten 

i) 

j )  
Previously we had simply suspended the  subjec t  by the  a i r  hose-and 

This had l e d  t o  the  d i f f i c u l t y  of a good dea l  of body 
To correct  t h i s  s i t ua t ion ,  w e  have i n s t a l l e d  a summer lounge cha i r  

W e  an t i c ipa t e  no fu r the r  

k) 
It is ant ic ipa ted  

1) The 

1. repor t  t i m e  Essent ia l ly  two conditions here: 

a) 
b) 

Subject repor t s  any phenomena as  they occur. 
Subject repor t s  experiences i n  the  tank only upon e x i t  from the  tank. 

2. sensory input Essent ia l ly  three conditions here: 

a) 

b) 
c) 

Total  absence of input ,  or  as c lose  t o  t h i s  state as the  tank 
i s o l a t i o n  can provide. 
Input of pure and unorganized auditory and v i s u a l  s igna ls .  
Input of highly organized v i s u a l  and auditory s igna ls .  

3. t i m e  of i s o l a t i o n  
a) 3 hours; b) 6 hours. 
ac tua l  t e s t ing ,  s ince  the  subject  is f r e e  t o  leave the  tank a t  any t i m e .  

I n i t i a l l y  w e  plan t o  study two t i m e  pa t te rns :  
Of course, o ther  t i m e  pa t te rns  may occur i n  

4. individual  differences These w i l l  be measured d i f fe rences  i n  the  sub- 
jects i n  terms of personal i ty  dimensions and physiological s t a t u s .  
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